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Consider  the  true  correlator  of  the  figure  with  noisy  inputs: 


r^(t)  = s(t)  + n^(t)  ) ).  jf,  ^ x\  v 

r2(t)  * ■(*)  + 

where  s(t)  is  a signal  common  to  both  inputs  and  n^t),  n2(t)  are 
noise  waveforms. 

r^t)  - s(t)  + n^t^ 
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r (t)  = s(t)  + n (t)  ^ 


True  Correlator 


Figure 

The  output  of  the  correlator  is 
/ r,(t)  r (t+C)  dt 
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/ l|,  r/(t)  dt  j 
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Assume  the  signal  is  not  correlated  with  either 

S = s2(t)  dt  = signal  power 

»i  - L"  dt  ■ 

.th  . 

i noise  power,  : 
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^ + ^(T))  (e(t+T)  + n2(t-fT))dT 

^ [j^(S( t>  + nl(t)2dt  ‘ j^(»(t)  + »i(t))2dtj 


Evaluation  of  the  integrals  gives 

(3)  (t)  . S p.„(t)  ♦ (HJg)*  (^(t) 

f(S+Nx)  (S+N2)]  * 
which  we  can  write  as 


C (1  + B/Hj.)  (1  + S/N2)7 


I ACCESSION  tof 

wns  : . — 

ooc  , ;-,'m  ¥ 

UNANNOlHr  . 00  O I 

iusn  ica  , r^s.  ftCP 


,(t)  , (s/»,)*  UM,)*  * P.,Mt)  Uprvmmr  ms 


1 1 ‘ 1 

(5)  p(t)  = Pss(t)  + (%/S)7  (N2/S)?pning(t) 

\ ' C(1  + V8>  (1  + VS)J  * 

If  both  signal-to-noise  ratios  are  large  (s/N^lor  N±/S^<  , i - 1,2) 

we  can  use  the  approximation,  ignoring  terms  higher  than  the  first 
power , 

(6)  ^(tJ^fl-i^/S  + N2/S)]  ^°ss(t)  + (^/s)*  (N2/S)^  nin2(t), 

if  both  signal -to-noise  ratios  are  small  (s/Nj^i  , i « 1,2),  then 
the  approximation  becomes 

(7)  ^(t)  = (s/N^  (S/N2)^^ss(t)  + [l-i(s/Nx+s/N2)]  Jnjn^t). 

If  one  signal-to-noisa  ratio  is  high  and  the  other  is  low  (say 
S/N ±»  1,S/N2«  1)  then 

(8)  Pit)  . t8/"?)*  P..<«)  * ("1/3)iP°l°i.(t> 


Ql  + Ni/S)  (1  + S/N2)] 


2 


vw«x$£,V. 


U8L  Tech.  Memo. 
No.  2242-244-66 

give  the  approximation,  ignoring  powers  higher  than  the  first, 

(9)  ^(t)  « (S/N2)^  ^g(t)  + (N^/s)*  ^nin2(t). 

Hence,  for  high  signal -to-noise  ratios,  the  correlator  output 
f'('t)  approximates  the  signal  autocorrelation  P (t ) for  low  signal - 
ro-noise  ratios  ^ ('C)  follows  the  noise  correlatfSn  Pr^n^  £),  and 
in  the  mixed  case,  the  correlator  output  is  mixed.  In  fact,  if  both 
signal-to-noise  ratios  are  unity  (Odb),  the  true  correlator  output  is 
Just  the  arithmetic  mean  of  the  signal  and  noise  correlations 


(10) 


From  the  above  calculation,  we  see  that  the  correlator  output 
will  decrease  in  amplitude  in  the  presence  of  noise,  even  if  the  noise 
cross-correlation  is  zero.  If  the  noise  correlation  does  not  vanish, 
then  this  will  appear  as  a bias  on  the  true  correlator  output. 


